Getting More from Forage

Targeted plant modificatiol
Redesigning forages
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via lignin modification
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CELL WALL FORMATION

Complex
Process..........
coordinated to

maintain strength
and growth

N. C. Carpita and D. M. Gibeaut,
“Structural models of primary cell

walls in flowering plants:...”
Plant J. 3(1), 1-30, 1993
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Cell Wall

AP -

Complex
e CEl 6. - -

carbohydrates
b rEe=l-eln,

phenolics
(including
lignin)
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Cell Wall
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degradation
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LIGNIFICATION

N. C. Carpita and D. M. Gibe
“Structural models of primary

walls in flowering plants:...”
Plant J. 3(1), 1-30, 1993




LIGNIFICATION

Lignin fills in.....

Water I1s excluded




LIGNIFICATION

In some cell
walls all free
space Is
taken up by
lignin




Formation
of lignin
bullding

blocks

Complex

array of
enzymes
coordinated
hit:he

formation of

phenylalanine

cinnamic acid

O
HO
OH
HO
O

p-coumaroyl
shikimic acid

o

O
HO OH
OH
HO
be

p-coumaroyl
quinic acid

(0]

(0]
HO
OH
HO
Y
.
OH

OH
caffeoyl caffeoyl
shikimic acid quinic acid

HCT \

lcm

H (0)

OH
p-coumaric acid

l4CL
S_0O
CoA’/;T?

ERE

C
—_—

p-coumaroyl-CoA

lCCR
b
OH

p-coumaraldehyde
CADLSAD

Ja

— NN .,

OH
M1

p-coumaryl alcohol
|
Peroxidase/Laccase

L

caffeyl aldehyde
CADlSAD

caffeyl alcohol

HO__O

j CcomMT

(0]

T

— £ 5

OH

caffeic acid

i4CL

S_0O

oA’/;T? CoA”’
COMT

ferullc aC|d

l4CL

S

[ — -

CCoAOMT

OH
OH

caffeoyl-CoA

iCCR

H__0O

j COMT

/:T?O COA'/:T? CoA”
F5H? comT

HO__O HO__O
j COMT j

—>4>

5- hydroxyferullc acid

l4CL
SO,

smaplc aC|d

i4CL

S

P

(0}

_— ] —

CCoAOMT

OMe HO OMe MeO OMe

OH
feruloyl-CoA

J

-

OH
OH

OH

)/ COMT

(0)

OH OH
5-hydroxyferuloyl-CoA sinapoyl-CoA

iCCR lCCR
H_O H__0O
F5H j COoMT

D

OMe HO OMe MeO OMe

OH

coniferaldehyde

CADlSAD

J

-

OH
OH

Peroxidase/Laccase Peroxidase/Laccase Peroxidase/Laccase

G

M1c

coniferyl alcohol

OH

OH OH
5-hydroxyconiferaldehyde sinapaldehyde
CADLSAD CADlSAD

OH

F5H
— L

M15H M1s

5-hydroxyconiferyl alcohol sinapyl alcohol
|

N i N




Modulating Gene Activity

Alter gene
expression to

- decrease enzyme
e Z LEL activity
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IMPACT ON LIGNIN

* Decreased lignin by 10-12% \‘
+ Increased digestion by 6-8% ‘
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IMPROVED DIGESTIBILITY IN

Alfalfa Hay
In diet
COMT 38.2

Null COMT 39.0

CCOMT 39.4

Null
CCOMT

aNDF

39.4

* Significant P<0.05

Diet was 100% alfalfa hay
SOURCE: Mertens et al. 2008. J. Dairy Sci. Supple. 1
r:onsortium i
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WHAT ARE OTHER
POSSIBILITIES?

Can more drastic changes be made in lignin
without compromising biomass production?




RADICAL COUPLING OF
PHENOLIC

Ferulates and
lignin
monomers

Decrease cross-linking!!




Ferulates attached
to xylans in grasses

AR

pm ATE

/Xyl
FA-Ara —Xyl\
Xyl

(FAXXX)




FERULATES BECOME
INCORPORATED INTO LIGNIN!

Form cross-links
between lignin
and
carbohydrates

Lignin Units
Me

Ferulates

Hemicellulose




2.) ALTER
EE"TYPES
OF BUILDING
BLOCKS
THAT MAKE
UP LIGNIN
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(WE CAANT GET
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BouiLD THE LiGA Al




No PRe®RLEM!

PRoCECS\NG CAN

JUST cRANK LP
PReDUCTION OF =
SoME GTHER PrENeL!




PHENOLIC UNITS THAT CAN
BE INCORPORATED INTO
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CELL WALL MODEL
SYSTEM

Test coniferyl ferulate
impacts with a cell wall
model system
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ARTIFICIAL
LIGNIFICATION

~ Lignin can be
~ formed within
. the wall matrix.

1pm




INSERT PHENOLIC
CONJUGATES WITH EASILY
BROKEN BONDS

OCH3

f///@ _ Ester linkage

0 O

Easily broken
under mild
conditions

o




PCA-SINAPYL ALCOHOL

Readily
incorporated into
grass lignin




PCA-SINAPYL ALCOHOL

Only the alcohol
portion is linked
into grass lignin







INSERT PHENOLIC
CONJUGATES WITH BOTH
ENDS INCORPORATED

OCH3

f///@ _ Ester linkage

0 O

Easily broken
under mild
conditions

o




INSERT PHENOLIC
CONJUGATES WITH BOTH

Addition of lignin
monomers forms a normal
lignin....in terms of
structure




MILD ALKALINE CONDITIONS
BREAKS ESTER BONDS

- i,
Inserting readily cleaved

bonds into lignin would D
facilitate biomass
pretreatment &
conversion
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INCORPORATION INTO
LIGNIN

Coniferyl ) .
ferulate 1
slightly : ! "

depressed
lignification ;.
(acetyl bromide

lignin, % of cell wall)
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20 40
Coniferyl ferulate (% of lignin)




IMPACT UPON LIGNIN
REMOVAL

Lignin extraction (%) by 0.5 M NaOH at 30, 100, and 160 °C

Ferulate- 100-
- Wogo!
coniferyl 1 I
alcohol 807 1

conjugates

incorporated
into lignin
makes it
easier to
remove.

604 L

409 T

20 40
Coniferyl ferulate (% of lignin)




CAN THE MODELS
EVER BE REALITY?




CAN THE MODELS EVER
BE REALITY?

Hydroxycinnamyl transferases
for the formation of this
conjugate exist in nature.

OH




CAN THE MODELS
EVER BE REALITY?

Should be able to isolate the
enzyme/gene for such
hydroxycinnamyl transferases.




Summary

1.) Modifying lignin is a key approach to
improving fiber digestibility.

2.) Down regulating lignin pathway
enzymes ....decreases lignin increases
digestion

3.) Decrease cross-linking will increase cell wall
digestion

4.) Inserting “zips” into lignin should improve
improving fiber digestibility.




Summary

Increasing digestibility of cell walls by 10%

$350 million increase in milk & meat
2.8 million tons less manure production
Reduce grain use by 2 million tons







